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DETAILED ACTION 

*** This office action is in response to Applicant's Amendment filed February 02, 2007 
Claims 2-3,5-21 are pending, in which new claims 19-21 have been added. 
*** The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

*** Claim 18 is objected as it should depend on claim 17, since "a second barrier metal" is 
recited in claim 17, not claim 16. 



Claim Rejections - 35 USC § 112 

1 . Claims 2,3,5-7,19-21 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Re claims 6 and 20, "..the first and the second electrodes. . ." are lacking antecedent basis. 

Re claims 7 and 21, ". . .the dielectric layer.." is lacking antecedent basis. 

Re claims 2,3, the phrase ". . .wherein the capacitor is formed in the same layer with the 
first metal interconnection. . ." is unclear and indefinite since it is the same layer of which layer. 
(Dependent claims 5-7,19-21 are also rejected as depending on rejected base claim) 

Claim Rejections - 35 USC §102 

2. Claim 2 is rejected under 35 U.S.C. 102(b) as being anticipated by Hu (6,281,541). 
Re claim 2, Hu teach (at Figs 1-12; col 2, line 15 through col 4) a method for forming a 

semiconductor device comprising: forming an insulation layer 24 in a capacitor region and a 
metal interconnection region on a substrate 10 (Fig 1; col 2, lines 1-30); forming a first trench 
25 at the capacitor region of the insulation layer 24 (Fig 2; col 2, line 30+); forming the first 
metal interconnection 30 inside the first trench; forming a second trench 35 by removing the 
insulation layer 24 between the first metal interconnection 30 (Fig 4; col 2, lines 44-53); and 
forming a capacitor in the second trench (Figs 5-10; col 2, line 50 through col 3); and forming a 
second metal interconnection 52 over the first metal interconnection 30; wherein the capacitor is 
formed in the same layer with the first metal interconnection 30 (Figs 4-12). 
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Claim Rejections - 35 USC §103 
3. Claims 2-3,5-7,16-18,19-21 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Sung et al (6,346,454) taken with Hu (6,281,541). 

Re claim 2, Sung et al. teach a method for forming a semiconductor device comprising at 
least the steps of: forming an insulation layer 42/40/38 in a capacitor region and a metal 
interconnection region on a substrate 30 (Figs 1; col 3, line 65 through col 4); forming a first 
trench at the capacitor region of the insulation layer (Figs 2-5; col 5, line 19 through col 6); 
forming a first metal interconnection 52/54 inside the first trench (Figs 5-6; col 6, lines 12-57); 
forming a capacitor in the trench (Figs 7-8; col 6, line 45 through col 7); and forming a second 
metal interconnection 50 over the first metal interconnection (Figs 6-7; col 6, lines 29-67, 51- 
58), wherein the capacitor is formed in the same layer with the first metal interconnection 52/54 
(Fig 6-8). Re claim 3, Sung et al. teach a method for forming a semiconductor device 
comprising at least the steps of: forming an insulation layer 42/40/38 in a capacitor region and a 
metal interconnection region on a substrate 30 (Figs 1; col 3, line 65 through col 4); forming a 
first trench at the capacitor region of the insulation layer (Figs 2-5; col 5, line 19 through col 6); 
forming a first barrier metal 52 and the first metal interconnection 54 inside the first trench (Figs 
5-6; col 6, lines 12-57); forming a second trench by removing the insulation layer around the first 
barrier metal 52; forming a third trench in the first barrier metal 52 by removing the first metal 
interconnection 54 in the first barrier metal 52 (Fig 5, col 6, lines 12-28); and forming a capacitor 
in the third trench (Figs 6-8, col 6, lines 29-67); and forming a second metal interconnection 50 
over the first metal interconnection (Figs 6-7; col 6, lines 29-67, 51-58), wherein the capacitor is 
formed in the same layer with the first metal interconnection (Fig 1-8). Re claim 16, Sung et al. 
teach a method for forming a semiconductor device comprising at least the steps of: forming an 
insulation layer 42/40/38 in an metal interconnection region and a capacitor region on a substrate 
30 (Figs 1; col 3, line 65 through col 4); forming an interconnection trench in the first metal 
interconnection and a first trench at the capacitor region by selectively etching the insulation 
layer (Figs 2-5; col 5, line 19 through col 6); forming a copper interconnection 54, and a first 
copper interconnection 54 by forming a forming a first barrier metal 52 and a first copper layer 
54 in the interconnection trench and the first trench (Figs 5-6; col 6, lines 12-57); forming a 
third trench in the first barrier metal 52 by selectively etching the first metal interconnection 54 
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in); and forming a capacitor in the third trench (Figs 6-8; col 6, lines 29-67); and forming a 
second metal interconnection 50 over the first metal interconnection (Figs 6-7; col 6, lines 29-67, 
51-58), wherein the capacitor is formed in the same layer with the first metal interconnection 
(Fig 1-8). Re claims 5,19, wherein the first metal interconnection 54 comprises a copper (col 4, 
lines 45-50). Re claims 6,20, wherein material of the electrodes includes tungsten (W) (col 4, 
lines 45-50). Re claims 7,21, wherein the dielectric layer 46 comprises tantalum oxide (col 4, 
lines 61-65). Re claim 17, wherein a second barrier metal 42 is formed prior forming the second 
aluminum copper layer 52 (Figs 12,8-12; col 3, lines 1-30). Re claim 18, wherein the first and 
second barrier metals 28/42 include titanium nitride (col 2, lines 37-40; col 3, lines 1-5). 

Re claims 2-3,16, Sung thus lacks forming a second trench by removing the insulation 
layer between the first metal interconnection (as in claim 2), around the first barrier metal 52 (as 
in claim 3), or around the first copper interconnection (as in claim 16). Re claim 16, Sung lacks 
forming via hole in the insulation layer. 

However, re claims 2,3,16, Hu further teaches (at Figs 4,3,5; col 2, lines 45-53; col 2, line 
31-67; col 3, lines 37-43)) further forming a second trench 35 by removing the insulation layer 
24 around the first metal interconnection 30 and around the first barrier metal 28. Re further 
claim 16, Hu also teaches (at Figs 2,4,12; col 2, line 31 to col 3) forming a via hole (Fig 2, the 
most right opening 25) in the insulation layer 24 in addition to forming the interconnection 
trench 25 and the first trench 25 (other openings 25 in Fig 2). 

Therefore, re claims 2,3,16, it would have been obvious to one of ordinary skill in the art 
at the time the invention was made to form the capacitor of Sung by further forming a second 
trench by removing the insulation layer around the first metal interconnection and around the 
first barrier metal, as taught by Hu. This is at least because of the desirability to form a capacitor 
having a larger capacitor area (Hu at col 3, lines 37-43). Re further claim 16, it would have 
been obvious to one of ordinary skill in the art at the time the invention was made to form the 
device of Sung by further forming a via hole in the insulation layer as taught by Hu. This is 
because of the desirability to provide an another electrical connection to the underlying 
conductive layer. 
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4. Claim 5 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hu (6,281,541) 
taken with Sung et al (6,346,454). 

Hu teaches a method for forming a semiconductor device as applied to claim 2 above. Re 
claim 5, Hu teaches the first metal interconnection 30 comprising a tungsten (col 2, lines 37-40). 

Re claim 5, Hu lacks mentioning the first metal interconnection comprising a copper. 

However, Sung teaches (col 4, lines 40-50) forming a first metal interconnection 54 by 
using either a copper, aluminum or tungsten. 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to first metal interconnection of Hu by using either a copper, aluminum or 
tungsten, as taught by Sung. This is because of these conductive materials are alternative and art 
recognized equivalent conductive materials for forming the metal interconnection, wherein 
copper is a conductive material having high electrical conductivity. 

5. Claim 6-7 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hu (6,281,541) 
taken with Vaartstra et al (6,445,023). 

Hu teaches a method for forming a semiconductor device as applied to claim 2 above. 
Re claim 7, Hu already teaches forming the capacitor dielectric layer 36 of an oxide (col 3, lines 
37-50 for metal-oxide-metal; col 2, lines 54-67). Re claim 6, Hu also teaches forming first and 
second electrodes 30 and 42 (Fig 12; col 3, line 38 through col 4, line 10), wherein tungsten 
(W) is mentioned at col 2, lines 37-41). 

Re claim 6, Vaartstra does not mention first and second electrodes including Pt, Ru, Ir, or 
W. Re claim 7, Hu thus lacks mentioning other materials of metal oxide dielectric. 

However, re claim 6, Vaartstra teach (at col 7, lines 40-50; col 8, lines 1-19; col 6, lines 
27-57) forming the first and second electrodes 152,156 of a conductive material including Pt, 
Ru, Ir. Re claim 7, Vaartstra also teaches (col 7, lines 57-67) employing a dielectric material 
including tantalum oxide, strontium titanate, and barium titanate, etc. 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to the electrodes of Hu by employing the conductive materials including Pt, 
Ru, and Ir as taught by Hu, because of these conductive materials are alternative and art 
recognized equivalent conductive materials for forming the electrodes, wherein Pt, Ru, and Ir are 
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materials having high electrical conductivity. Also, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to the dielectric of Hu by using 
tantalum oxide, strontium titanate, barium titanate, as taught by Vaartstra. This is because of the 
desirability to form a dielectric having high-k dielectric constant in forming the capacitor. 

6. Claims 8,9,15 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hu 

(6,281,541) taken with Sung et al (6,346,454). 

Re claim 8, Hu teaches (at Figs 1-12; col 2, line 15 through col 4) a method for 
fabricating a semiconductor device comprising: forming an insulation layer 24 including a first 
insulation layer 14 and a second insulation layer 24 in a capacitor region and a metal 
interconnection region on a substrate formed with a lower conductive layer 22 (Fig 1; col 2, 
lines 1-36); forming an interconnection trench (most right trench 25 in Fig 2) in the metal 
interconnection region, a first trench (middle trench 25) in the capacitor region and a via hole 
(most left trench 25 in Fig 2) connected to the lower conductive layer 22 by selectively etching 
the insulation layer (Fig 2, col 2, lines 30+); forming a metal interconnection 30 of tungsten, a 
first metal interconnection 30 and a via contact plug 31 by forming a first tungsten layer in the 
interconnection trench, the via hole and the first trench (Fig 2-4; col 2, lines 30-52); forming a 
second trench 35 by selectively etching the second insulation layer 24 in the capacitor region 
(Fig 4; col 2, lines 44-53); forming a capacitor in the second trench; and forming a barrier layer 
42 on the capacitor and a second metal interconnection comprising AlCu (col 3, lines 22-31). 
Re claim 15, Hu teaches forming a barrier metal layer 28 before forming the first metal layer 
30,31 (Figs 3-4; col 2, lines 30-40). 

Re claim 5, Hu already teaches forming a first metal interconnection, but lacks 
mentioning the metal interconnection comprising a copper. 

However, Sung teaches (col 4, lines 40-50) forming a first metal interconnection 54 by 
using either copper, aluminum, or tungsten. 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 

invention was made to form the first metal interconnection of Hu by using either copper, 

aluminum or tungsten, as taught by Sung. This is because of these conductive materials are 
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alternative and art recognized equivalent conductive materials for forming the metal 
interconnection, wherein copper is a conductive material having high electrical conductivity. 

Re further claim 9, Hu lacks the insulation layer having an etching blocking layer. 

However, Sung teaches (at Figs 2-4; col 4, lines 28-51; col 5, line 42 through col 6) 
etching to form the trench and the via hole in the insulation layer having an etching blocking 
layer 40 between the first insulation layer 38 and the second insulation layer 42. 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the insulation layer of Hu by forming the insulation layer having an 
etching blocking layer between the first insulation layer and the second insulation layer. 
This is because of the desirability to use the etching blocking layer as an etch stop layer to 
protect the underlying layer during the etching step to form the trench and via hole. 

7. Claims 10,13-14 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hu 
(6,281,541) taken with Sung et al (6,346,454), as applied to claims 8,9,15, and further of 
Raajimakers (6,686,271). 

The references including Hu and Sung teach (at Figs 1-12; col 2, line 15 through col 4) a 
method for fabricating a semiconductor device as applied to claims 8,9,15 above. 

Re claim 10, the references including Hu and Sung lack employing the insulation layer 
having a hard mask on a second insulation layer. Re claims 13-14, the references including Hu 
and Sung lack forming the copper layers by using reflow method and, in case of using 
electroplating, forming a seed layer. 

However, re claim 10, Raajimakers teaches forming the trench in the insulation layer 
having a hard mask layer 58 as etch stop layer on the second insulation layer 56, and having an 
etching blocking layer 54 between the first insulation layer 50 and the second insulation layer 56 
(Figs 8-9,13; col 7, line 55 through col 9), wherein the hard mask layer is also used as a stopper 
during planarizing step (Fig 13, col 27, lines 7-12). Re claims 13-14, Raajimakers also teaches 
(at Figs 1 1-12; col 26, line 48 through col 27, line 5) forming the copper conductive layer 160 
use a reflow method after forming a layer such as forming a seed layer by PVD, CVD or 
electroplating. 
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Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form in the insulation layer of the references including Sung and Hu by 
employing the insulation layer having a hard mask layer on the second insulation layer, and 
having an etching blocking layer between the first insulation layer and the second insulation 
layer, as taught by Raajimakers. This is because of the desirability to use the hard mask layer as 
a masking layer to protect the underlying layer, and to act a stopper during planarizing step. 

The subject matter as a whole would have been obvious to one of ordinary skill in the art 
at the time the invention was made to form the copper interconnection of the references 
including Sung and Hu by forming a seed layer prior forming a copper layer by electroplating, as 
taught by Raajimakers, wherein a seed layer is formed by PVD, CVD or electroplating. This is 
This is because of the desirability to use the seed layer to facilitate electroplating of the copper 
interconnection layer in the trench. 

8. Claims 1 1-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hu 
(6,281,541) taken with Sung et al (6,346,454), as applied to claims 8,9,15, and further of Huang 
(6,117,725) 

The references including Hu and Sung teach (at Figs 1-12; col 2, line 15 through col 4) a 
method for fabricating a semiconductor device as applied to claims 8,9,15 above. 

Re claims 1 1-12, the references including Hu and Sung lack mentioning alternative order 
of forming of the via hole and the trenches. 

However, Hu also teaches simultaneously forming the interconnection trench, the first 
trench, and the via hole. Huang teaches (at Figs 2-3) simultaneously forming the interconnection 
trench 4 and the first trench 4 (Fig 2; col 5, line 41-64) prior forming the via hole 6 (Fig 3, co 5, 
line 65 through col 6). 

Therefore, the subject matter as a whole would have been obvious to one of ordinary 
skill in the art at the time the invention was made to form the trenches and via hole of the 
references including Hu and Sung by simultaneously forming the interconnection trench and the 
first trench prior forming the via hole, as taught by Huang, or after forming the via hole. This is 
because of the desirability to form the trench for interconnection, capacitor trench, and via hole 
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for electrical connection in the insulation layer, wherein the order of carrying out these various 
steps can be alternatively performed without departing from the spirit of the invention. 



Response to Amendment 

9. Applicant's amendments and remarks submitted February 02, 2007 with respect to 

pending claim have been considered but are moot in view of the new ground(s) of rejection. 

In the amendment filed February 02, 2007, Applicant amended all base claims including 

objected claims and even allowed claims in order to broaden scope of all claims. Accordingly, 

the indication of allowable subject matter in the last office actions is no longer applicable and 

thereby withdrawn due to Applicant's amendment necessitated the new ground(s) of rejection 

presented in this Office action. 

******************* 

Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

******************* 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Michael M. Trinh whose telephone number is (571) 272-1847. 
The examiner can normally be reached on M-F: 9:00 Am to 5:30 Pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Zandra Smith can be reached on (571) 272-2429. The central fax phone number is 
(703) 872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). n ^ f 
Oacs-18 <C^J^ >£J 

Michael Trinh 
Primary Examiner 



